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Although prior experimental work hag demonstrated that antKinteilttjkin-8 (airti-IL-8) therapy re- 
duces lung endothelial injury after add Instillation, there is no Information regarding the effect of 
anti-tL4 on the function of the alveolar epithelial harrier after acid-induced lung injury. Therefore; 
the primary objective of this study was to determine the effect of aefd-lnduoad lung injury on the 
function of the alveolar epithelium, end secondly to determine whether pretreatrnent with anti-IL-8 
attenuates add-induced injury to the lung epithelial barrier. Hydrochloric add (pH = 1.5 in 1/3 nor- 
mal saline) was Instilled into the lungs of anesthetized, Ventilated rabbits, Afrti-IL-S monoclonal ami- 
body (2 mg/fcg) or saline was given Intravenously 5 min before ado instillation. Acid Instillation Into 
the distal airspaces caused an Increase in the alveolar epithelial permeability to protein and an ap» 
proximately 5Q9& reduction in net alveolar fluid clearance. Rpcajjse a decrease in net alveolar fluid 
clearance could be due to lung endothelial injury and increased fluid flux from the blood into the elr- 
spaces, additional experiments were carried out in which pulmonary blood flow was eliminated. In 
the absence of pulmonary blood flow; acid instillation led to e 50% decrease In net alveolar fluid 
clearance. Pretreatrnent with anti*lL*8 antibody significantly reduced the acid-mediated increase in 
bi-drectional transport of protein across the alveolar epithelium and restored alveolar fluid clear- 
ance to normal. The results indicate mat acta instillation causes injury to the alveolar epithelial bar- 
rier that can be distinguished from the injury to the lung endothelium, Furthermore, pretreatrnent 
with antWL-8 therapy prevent* odd-induced alveolar epithelial injury, a finding of potential clinical 
aspartame* AfodeUka K, PKte* JF. FoBceaaon HC, Broaddua VC» Matthay MA. Aetd-intlueerf 
lung injury: protvotm eff+ot avf *nti-mt*H*ukIr»-a pretreatimnt on alveolar epithelial bar- 
rier function In rabbits. vjntMcare^i^iMMmc^i4i4 



Add aspiration-induced hmg injury is an important cause of 
' die acute respiratory distress syndrome (AftDS) with a high 
mortality rate (1. 2). llie effect of add instillation on the pul- 
monary endothelial barrier has been extensively studied (3-8). 
We, and other investigators, have reported that add aspira- 
tion-Induced lung injury is mediated primarily by neutrophils 
recruited to the hmg by lnterieukln-8 (Il-S) (?, 3-12)- Tn clini- 
cal studies, higher IL-8 cencentranmat in pulmonary edema 
and broncfcoaiveolar lavage fluid from patients with acute 
lung injury were associated with a trend toward higher mor- 
tality (13, 14). In experimental studies, and-rabblt-XL~8 mono- 
clonal anrjbody (antz-IL-S) attenuated acid-induced lung injury 
and prevented arid-induced abnormalities in oxygenation, in- 
travascular lung water formation, and hmg endothelial perme- 
ability (7). However, there Is tittle direct information on the 
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function of the alveolar epithelial barrier after add-induced 
injury. 

Because experimental (lS-lfl) and clinical (19) studies in- 
dicate that the function of the alveolar epithelial barrier is es- 
sential for successful recovery from mcute lung injury, we 
wanted to test the effect of anti-IL^I pretreatrnent on the 
function of the alveolar epithelium directly. 

Therefore, the fin>t objective of these studies was to deter- 
mine the effect of add-induced lung Injury on the barrier 
properties and the fluid transport capacity of the alveolar epi- 
thelium. The second objective was to test whether the injury 
to the epithelial barrier was mediated try IL-8. Therefore, rab- 
bits were pretreated with ana-IL-8 to determine the effect on 
alveolar epithelial fluid transport capacity and alveolar epithe- 
lial permeabuUy to protein alter add-induced lung injury. 



METHODS 

Animals, Surgical Preparations and Ventilation 

Male New Zealand lr&te rabbits (a - 31, wtd^Iog 2-5 to 3.5 kg; Nita- 

bdl Hnyronit CA) w*re aocstbetS^d vwtb 0,8# bolothane in 10096 

oxygen. Pancuronium bromide (Pavuion; Qrganon Diagnostic, West 
Oranfie. MJ; 0 J mg/h X kg body waifchr) Was given intraverausly for 
neuromuscular blockade The University of California. San Francisco 
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(UCSF) Animal Research Cornminee approved tbe protocol for these 
studies. 

A 4.0-mm inside dtoneteren^ 
a tracheotomy* Tbe mbbib were ventilated with a oottstant-volume 
piston pump (Harvard Apparatus Co^ South NaticK MA) with an in- 
spired oxygen friction of 1.0* peak airway pressurt* of 15 to 18 cm 
HP during the baseline period, supplemented with positive end-expi- 
ratory pressure of 4 cm HgO. Tbe respiratory raze Yras adjusted to 
maintain the Paco» between 35 and 40 mm Hg during the baseline pe- 
riod The vanrJlamr settings -were then kept constant throughout the 
ft*p«rtmeiiaAP£-90 catheter (Clay Adorns; Becton Dickinson Par- 
sJppnny, NJ) "was inserted inm the right carotid artery to monitor sys- 
temic arterial blcodpreswre and to obtain blood samples, A 22-gauge 
anglorarh catheter (beaeret Medical Inc. Becton Diddroon, Parsip< 
pany, NJ) was Inserted into the marginal ear vein for adnilnUterfog 
fluid and drugs. After the surgical pr*paraiQn, the rabhm were placed 
In the right lateral decubitus poddon. 

Preparation of the Instillate 

A solution of 100 mosxnnl/kg of Nad (1/3 normal saline) was pre- 
pared with Isotonic 0.9% safine and dlsdUed water. This osmolality is 
approximately one-chiid of pbscna osiDolallry ( The 1/3 normal osmo- 
lality was **Ucted to match the osmolaliry of gastric aspirates, as we 
have done before (7), Then, concentrated HO was add^ to the solu- 
tion and titrated to a pHcfl*$> In negative control studies, 1/3 normal 
saline was used as the iraffflafe The HC1 and the control solutions had 
sSraiJar measured osmolalities. 

Generation of Monoclonal Antibodies to Rabbit riL& 

The gM K HMtl on of the monoclonal antibodies to rabbit rermnMnauf 
11^8 (ARIL&2) has been described In dean! earner (7. 20). 

AE1U&2 was selected by virtue of its ability to recognize rabbit uV8« 
to inhibit Undine of ^-labeled rabbit rIL-8 to its receptDr. to block 
rabbit rlL^nduced receptor signal transduction, and to Inhibit rab- 
bit rlL^S-induced ehemotard c actfviry for rabbit neuffophlls (20). 
ARILaZhad a h^hanlnu^ for rabbit (dlssctiatta coislsm [/Q] <= 
a42nM)_ARQ^a^cfcdcrc£i-r^^ 

related cytokines (hMCSA, platelet factor-^ p-dironibc^obuiln). other 
human cytoldnes (EL-lp. tmneornecRBd^fector^pha [TNfe-aD. or other 
c&mx>njcoVc factors (fc^nylnisthy&^^ EFMLP], C5a), 

The antibody preparation was sterile filtered and endotoxin was un- 
detectable by utotltUs assay. 

General Experimental Protocol 

InallaycHranis (Figure 1)* after aurgety, heart rate, systemic blood 
pressure, and arterial blood gases were allowed to sr*m^ for CTnnn 
In pr«£tttAtnwDt experiment. AfW t)w baseline. anti-DVs £5 rn^/kg) 
or saline vw given irttravexwusty 5 mln before HC1 was InsdOed 
through 4 S-Frcnch tubing (Acoucp&rk Preniarfcrd Feeding Catheter; 
CanonrdVPortex. Keene; r^ r 
lung (Figure Z).Tttstu&n£rema^ 
oftheoxperlmermthesaineiiihiflgwa^ 

fluid traumatica to asuic that die 596 albumin sotuttott was instilled 
In the same lung lobe as the odd. The tubing was also uaed for sam- 
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pllng the alveolar fluid at 5 mln and 2 h after instillation In each exper- 
iment (Figure 1), 

HCl or 1/3 normal saline (4 ml/kg body weight) was instilled into 
the right lung over 3 rafev Than. Z1Q mm after the HCl Instillation 
(Figure 1), a vascular tracer, • U1 l4abeled human albumin (1 pCi: 
Frosst laboratories, PQ. Canada), was injected Into the blood to pro- 
vide a vascular protBln tracer thai could be used to measure accumu- 
lation of plasma protein into the extravascular space, as we have be- 
fore (7). Blood samples were obtained at SO and 45 mln after the 
injection of vascular tracer. Then, 45 mm after the vascular tracer In- 
jection, 3 itd/kg of 5% bovine albumin solution containing the alveolar 
tracer, JB l-albumin (1 u£fc rrossi Laboratories) was instilled In the 
5% albumin solution with a 12-ml syringe into the right lower lobe 
through the same catheter previously used for the HQ nwrillatfon 
(Figure 2). The alveolar tracer was used to cakulaie the flux of la- 
beled protein from the airspaces into the circulating plasma- Blood 
samples were obtained at GO aod 120 mln after instillatton of the alve- 
olar tracer. In addition, samples from the alveolar ftuid were obtained 
at 5 and 120 mln after alveolar fluid Instigation. These samples were 
used Tor njcuoacovtty counts and protein measurements. 

In the preoxaaneat experiments, the annVIL-g mooockmal anti- 
body was gjven 5 mm before HCl instiliarion. In experiments without 
blood flow, to eliminate vascular filtration to tbe right lung, the right 
pulmonary artery was occluded with a suture 210 min after add Instil- 
lation and 10 nnn before the injection of vascular tracer (Figure 1) . 

At the end of the S-h experiment (z h after the beginning of alveo- 
lar Hold anxS tracer instillaxl^ 

My w*fH» yiTPmp ifrmtPri. I frlfift wafl r^llfecteH fnr rariinaifWvtty taunt* 

The lungs were removed through a median sternotomy, The left non- 
irtSttUeC" lung was rfanyd itt the roam bronchus. Then, an alveolar 
fluM sample wtt obtained iromtte 
Tfre rtgrteixl tbe left Umffi were sui^^ 

for wat«r^tQ-dry weight ratio measurement* and r»faactxvity count*. 
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figne 1. General experimental protocol as described In detail in 
Methods. 



albumin + 

figuvz. Schematic dlagnam ittustratincj the tocatJon cf the 5-Rench 
catheter for add Of saline rnstilfation as well & for Obtaining alveo- 
lar fluid samptei The right pulmonary artery was deducted m stud- 
ies without vascular nitration. Tha denser shading of the distal 
luncj segment Illustrates that there was a lung region In which 
there was dense hornogertous bKie labeled ax>otrmuiation of the al> 
veolar insilllate, whereas the less shadacj, more prrjwrnal lung seg- 
ment designates heterog^nws fSlfiiig of U« airspaces. The sh&p 

btdCkdasKtv to the 12r l-tabeled albumin in the Imtiilate, and the 

irregular shaped dots designate the 5% unlabeled albumin In the 
institlate. 
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Specific Experimental Protocol 

There were afat experimental gnavpE. The rabbits from the flrst three 
groups had intact pulmonary blood flow and the rabbits from the bet 
three gfcnyshtd terl^yu lu Kmary artery ocdu4fcd 

Studies wtrrt Emao; Pulrnomry Blood Flow 

hlega^ccJitJVl&rvup (1/3 otxnml saline) (n ^ $), After the baseline 
period, the saline was instilled into the right lower lobe over 3 min. 
Ahneaiarthild vru iMtUIed «Xter 4 h. The 

tal time of 6 h and processed as described prcviororj la the General 
EXPSHMEKTAL PbOtOCO. We did not Study rabbits With 3n irrelevant 
monodortal antibody because the result* from previous studies from 
our laboratory iMtrarfd that thw "were no differences In mirnvascu- 
lar plasma equlval«no dot in the extravascular lyug water between 
rabbits given 0.0% Mad oc an Irrelevant monoclonal antibody (7). 

HC1 instillation (poshtve cocwoi group) (b = 0. After the baseline 
period. HQ (4 roKg body wai^waai^^ 

over 3 min Alveolar fluid was irmllled after 4 h. The rabbit* were pro- 
reused as described in the General R^qpsroMST^rAL Protocol, 

Anti-X£^ptttt*atmfat group (n = ft. Five ruin before the HC1 in- 
stillation, tbe rabbits reserved the monoclonal antibody against IL-8 
(ARZLaZ 2 tag/kg body wefghO intravenously. Than. HQ (4 ml/kg 
body weight) «» instilled into the r{^ lower lobe aw 3 mla Alveolar 
fluid WW terHled after 4 h. The rabbits vyiere studied for a total time of 
6 hand processed a* described in the CsN&iuL&ci^zaMB^ALpRaTOCOt. 

Stucfie* without Pulnionftry Hood Flow 

Negative cosOtoi group (1/3 norma! saline) fa «* $) m After the stable 
baseline pt^iixt wHne wp» Instilled into tbe right lower lobe wnh 1/3 
normal safine (4 ml/kg body we$it) over 3 min. Then, 210 min later 
the right pulmonary artery WES ocrluderf. Alveolar fluid was Instilled 
into the lung without vascular filtration to the last 2 btf 
mcaHuxi (Ld rabbits were processed described In the General £>■ 
pewm^al Protocol. 

ffCJ iasOII&tiQu (roam** ceninjl griHip) (n 4). After tfce stable 
baseline period. HO we instilled (4 ml/kg rxkfy weight) over 3 min 
and then. 2(0 nta Inter the right pulmonary artery Was occluded- Al- 
veolar fluid was instated into the long without vascular filtration for 
the I»l 2 h of wrch czpcrbneni and the rabbits were processed as de- 
scribed m the C^meral ExFEKiME?rrAL RtorocoL. 

Antf^Xl^S pnsrvaffneal group (n <= 6), The rabbiis ware pretreaied 
with the inonodonal antibody against TLA (ARIUA 2 rag/kg body 
weight) miravenouslY. 5 min before the HC1 mslJUariqn, Then, HC1 
w« instilled over 3 min. and 210 min latex the ri^pulmonaTyaiteiy 
wpsooctaded. Alveolar fluid was instilled inm the ltat%wi<ioat vascu- 
lar tHfratiOT for tha last 2 h of each exp^ttnetit and the rabbit* were 
processed as described in xta General Experimental Protocol. 

Ivjeejuieuasiiti 

Hemodynamics, pulaoaaary gps ex^hmge^ and procdo concentration 
The heart rate, systemic blood pressor*, and airway pressures were 



continuously measured using calibrated pressure transducers (Pd23; 
Gould. Inc., OxnardL CA) and recorded on a polygraph (Model 7; 
Cra^In*triirneiaCo~<^ 

measured at l-h hrtervak Samples from alveolar fluid instillation, 
from the final alveolar fluid samples, and from the initial and final 
blood were collected to measure total protein mnoanua don. 

Protein concentrMtton end hemoglobin mexturwmeaL Protein coo- 
ccntratian was nsmsurttd by the Biuret method. Hemoglobin was Mea- 
sured srjecrropfeotometri^^ 

rjatamcfctalned after cenu^fn^tion of theiur^horaosraate (14x000 x g 
for lOrrun). 

Aiyeolv liquid clearance. The alveolar liquid clearance was mea- 
sured by the increase in the final unlabeled alveolar protein concen- 
tration compared with the initial alveolar protein concentration, as 
we have done in earlier studies (21). Alveolar liquid clearance 
(AI.C) v*as then calculated as: ALC (%) = (V, x FW, - v r x FwJI 
(V| X Fwj x 100. where Fw is tha water traction of the initial 09 and 
final (f) alveolar Quid. The water fraction is the vohime of water per 
volume of solution measured by the gravimetric wwrhnrj y is the vol- 
ume or trie tnttlal 0) and final (f) alveolar nui<L Vr (mlj was estirnated 
a3cV r = (V, X Tp* X Fr)/TP f . where TP is the total protem ooiKentra- 
tion of the initial (i) and final (f) alveolar fmid. Fr the rracticai of al- 
veolar tracer ( lw l-aIbtuniii) protein that remained In die lung at tha 
end of the experiment The radioactivity of the alveolar m l^alhumin 
can also be used to estimate alveolar liquid clearance (21), The vol- 
ume of the final alveolar fluid was then estimated as* V f = (V ( x 
Jt5 cpmi X FrJ/^cpinf in wmchcpm refers to oounis per iron of tha ird- 
tialarKitfaefhialsHrirpleafteT^K 

Because alveolar liquid dearance was measured in the jpresence of 
lung injury, wtt used our prior method (22, 23) to correct for both tbe 
filtration and the Ins* of the alveolar protein tracer ( 115 I-albnmin) jrtdl- 
cator.BeeriiryatrmieftflpmanTTidwasp^ 

after aodinstiIltttic^v?e used ls I-alr*umln 
wl wlon sampled at 5 min after lnstlliarirju (Rgure ^ 
alar liquid clearance (22, 23), The tosrilied alveolar ^I-alotnnm con- 
cenrration was diluted on average to 85% of the msrhled ajnosntra- 
tion in the 5-min sampk^ from the rabbits that had been instilled with 
acid (x?c Results) . Therefore, alveolar tiauid clearance was calculated 
by the rise in the ^I-aJ^umln concenlratlon over 2 h. begiririing with 
the concentration in duplicate samples taken 5 min after <™aingrtrtn 
Because some of tbe alveolar protein u-aoarWMtotflh^lJw alveolar 
spaces over the 2 h of the alveolar fluid dkarance studiEs (Tablet), we 
also adjusted for the loss of the alveolar tracer f s l~aunrnln) into the 
plasma. Thus, the instilled concentration of lW L*lbumin was adjusted 
by both the cUhi&on after 5 min (85% of the instilled) and by the 
107% of the alveolar tracer that appeared m the plasma over 2 h. It is 
r>os^leTl^ a smaU fractionate 
tersutluni and thus not accounted far by this tDethncl 

For example, if the instilled ^I-alburnin Counts were fOOLOOOcpnvg, 
then 85% dihition would mean that the actual counts after tnstxuat>oii 
were 85,000 cpm/g. If 10.796 of the instilled solution appeared In me 
plasma over 2 h, then another 10,700 cpm/g was aiibrracced so that the 



TABU 1 

EFFECT OF ACID INSnUATlOW ON WPtRfCTIQNAL PROICIN PERMEABJUTY 
ACftOSS THE UUNO ENDOTHELIAL AND EPITHELIAL BARRIERS RSI RABBITS* 

Vascular Pro^ln Tracer 
,!n l-albumin 



AJveotar Protfiin Tracer l3r4 l-aIbomln 
Lung 



With pulmonary wood now 

SUCnQ (nDgatiyBControfcQ $ 973^0-7 

Hd(pcDztiyecof*rob) e 87.9 

AfUHW + HO 6 9iA *1.3* 

Wiihout putmpnery blood flow 

su™ < ft9-7 * 0.7* 

HO € 8&2±1.1 

AntHL*S + hCl . 4 99* i 0.3 4 



1^ = 0.6 

io.a ± 

3-5 ±0^ 



f p < 0j05 from iflBne-trstjiied RSbb^ 
tp<0nS from HCl-lnstllted rabUts, 



aoi^o.00 

Cv*S ± 003' 

0,05 - aoi* 

aos ± OQ? 
o,04 ±aoi 

0,09*0.01 
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net quantity of the alveolar tracer piysfr.nl In the alveoli after 2 h 
would be 85.000 cjn&/|j - 10.700 mrn/g whj^ eijuab 74^ cpov^ If 
the measured final alveolar sample after 2 h had 90,000 cpm/g, then 
the JliiAl to instilled (corrected) counts would be 90»000/74.30Q. Alveo- 
lar liquid clearance could then be calculated as described previously. 
- AJbw&n 4wt endothelial *nd <y flflmtfa/ faanrtara. Two differ- 
ent methods were used to measure tn«0taofalbunihiacro»tibelwng 
enilnnitittal «nd epithelial barricrx «3 wtt have done before (16, ZZ), 
The Mrs; method measures residual ^-albumin (the airspace protein 
Tracer) in the lungs as vreU as acctmmlation of lW l*albumin in plasma. 
The second method measures U3 Palbiznnn {the vascular protein tracer) 
In the exiravzsailar and alveolar spaces of the lungs. 

The total quantity of "h-labafed albujninSn^od into the lung 
determined by measurjbog Che raoiaaarviry of duplicate samples of the 
SnstHIedsohitloD (cpm/g) and multiplying by the total volume hilled 
Into the lung. To calculate residual tt H^nrcoit in tbe iuntf at the end 
of the study, the average radioaatvlry of duplicate samples obtained 
from the lung homogenate was multiplied by the total weight of lung 
homogenate. The ^I-albumfai counts In the lung homogenate data 
were adned w the recovered counts m me imalasptraredmscal airspace 
ftiiidm calculate rhe o^iano^ 

the hmgs at the end of tbe study. The ^-albumin was measured In 
plasma from the final blood sample, The w I-albuirdn in the aspirate* 
was measured from a sample obtained 5 min after the start of alveolar 
fluid i rptfillfifl oo and at the end of tto experiment. The m l-alburnin 
was measured to plasma from the final blood yurpT" Ibe amount of 
'^albumlnmpbsxiaww 

the plasma volume (body weight x 0.07 Il-hernatoaitJ) (7), 

The second tneChod requires measurement of the vascular protein 
tracer. lM l-albumin. tn tbe alveolar and exzravascular spaces of trie 
lungs, To calculate the amount of 1M I-aIbumin present in the eurava*- 
cul&r spaces of the lung, wo deducted the counts of rhe blood in the 
lung from the ^I-aiknnin counts m the entire hmg. The clearance of 
plasma ma? the tum avascular spaces of the Kmg was estimated by ifte 
following equation and egpr^vd as extravascular plaama equivalents 
(EPE): EPE m ^cpm/mlfc^ - ("V^o^r X (^/^cpm/ml^. in 
which ^cpnwk die iped counts per I "cpnwistbecpin 
milliliter of plasma ^cpm^thecpmpojr 
mflKHter plasma averaged over the rime of the ejcperirnent, and Ck is 
the blood volume tn the lung. 

the blood volume Wad determined ^etafliecnuariwr^, = 1.039 x 
(Qb x FW h x HbJ/CFWj X Hba). where 1,039 is the density of blood, 

tbe weight of lur^homogtn&t^ 
mcgonaxe. H\ tbe hemoglobin concentration of supernatant of tang 
homogenate. FW, tbe water content in supernatant of feing homoge- 
nate, and Hba the hrmngtnhui toncenrrarjao of blood. 

A ratio between rhe ^I-albuxiiln counts In the final alveolar fold 
sample, and ^HdDtamn plasma counts provided an index of equili- 
bration of the vascular protein tracer Into the alveolar compartment, 
as in earlier esperinwoml studies of eprdroUalr^errrjeabimy (16), 

Tracer hiadh^ajeasureatenl To deferrable opd ™J *t*bttity 
and binding tn attMimin. trichtoroacttic acid was added to se- 
lected samples, which were centrtfuged to obtain die supernatant for 
measurement of tree ^i radloactlvlry. Tbe results are expressed as a 
percentage of the unbound radioactivity no tbe total amount of 
■^aimtminradiCdcu^ 
1% unbound iodine. 

Statistfe* 

Ail data m the figures are summarized as mean X I SD; the data on 
radloactfviry in Table 1 art presented a* nwan ± SEM. One-way 
ANOVA with repeated measurement anajfysis was used to compare 
samples obtained at several time points from rhe same animal One- 
way analysis of variance and the IHfiihefe^^r tests were to com- 
pare expcHtnental with cannot groups. A p value of < 0J& was con- 
sidered statfetkatty significant. 

RESULTS 

Studies with Pulmonary Blood Flow 

-Effects of add Instillation on alveolar epithelial permeability to 
protein. To simulate acid-aspiration acute lung injury, 1 Z ± 2ml 



of hydrochloric add (HCi pH = 1.5 in 1/3 nonnal saline) were 
rapidly Instilled into the right lower lobe (Figure 2). Acid in- 
stillation caused a bi-directional increase in alveolar epithelial 
penneahiliry to protein (Table 1). There was a significant in- 
crease in the protein efflux (alveolar protein tracer* ^I-albu- 
mln) from the airspaces to the plasma in the arid-instilled rab- 
bits compared with the saline-instilled rabbits (Tahle 1). In 
addition, there was a significant increase in the protein influx 
(vascular protein tracer, UJ I-albumin) from the plasma into 
the airspaces. The arveolar-to-plasma concentration ratio of 
"'I^bumln was tfgrurlcarjtfy increased In acid-instilled rab- 
bits compared with the sahne^insdlled rabbits (Table 1). 

Effects of add instillation on fluid transport across the alve- 
olar barrier. To measure die dilution of the Instilled labeled 
and unlabeled protein solution by the presence of protein-rich 
pulmonary edema, samples were obtained 5 rain after instilla- 
tion (Figure 1). The initial unlabeled alveolar protein concen- 
tration was not different from the protein concentration of the 
instilled 5% albtirnlri solution. In contrast the concentration 
of '^I-albunun was decreased in the initial alveolar sample 
compared with the instilled albumin solution (initial alveolar 
[after 5 inm]/imrilJate ^I-altoimin ratio = 0.85 ± O04, mean ± 
SD). Thus, the initial dilution of the labeled alveolar albumin 
tracer was secondary to dilution by protein-rich alveolar 
edema fluid already present in the alveoli. Because Of the dilu- 
tion of alveolar tracer to 85%. we assumed that the initial 125 I- 
alhurnin coru^ntration was 85% of the instiUed conceiiriatkra. 
In addition, because 10,796 of die alveolar tracer appeared in 
the plasma, this quantity was subtracted from the measured al- 
veolar counts as ctecxibed in Methods. Alveolar liquid clear- 
ance from the labeled ^^buroln data was then calculated 
with these two CQTrechons. 

The fmaHa-instilled unlabeled alveolar protein cojicerrtra* 
Hon ratio in acid-lnsculod rabbles did Dot Increase as much ss 
in control rabbits (Figure 3A). This corresponded to a mark- 
edly reduced rate of alveolar liquid clearance in add instilled 
rabbits compared with the aaline>uistitted-rabbit5, as mea- 
sured by die coiKenrratlon of unlabeled protein (Figure 4A). 
Similarly, the flnal-to-mstflfed labeled alveolar protein tracer 
concentration ratio O^l-aJbumin ratio) in acid-instilled rab- 
bits was lower than in r^rjrrcu/saline-insti^ rabbits (1.26 ± 
0,30 versus 1-52 ± 0.40, p < 0,05). Thus, using the labeled ahe* 
clar protein trfto&f data, alvaoidr liquid clearance was stgnift- 
cantiy reduced in add-tn&tilled rabbits compared with saline- 
instilLad rabbits (28 ^ 3 versus 46 ± d<&. p <: 0.05). 

Effects of arid iostiJtetion on lung vascular barrier perme- 
abiliry. Total exrxsvsscular plasma equivalents were aigolfl. 




figure 3. Ratio of the flrwUto-fnstllkd unlabeled alveola/ prot«rn 
cortcentrariort measured kt rabbits with intact pulmonary blood 

flow and m rabbits without vascular fittratioa * p < 0,05 from sa- 

finc-instiHed rabbits, 'p < 0,05 from arid-instilled rabbits. Data ere 
mean ± SO. 
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figure 4. Alveolar liquid clearance (percent of instilled liquid) was 
measured by the "increase of the unlabeled alveolar protein con- 
centration ki rabbits wfth Intact pulmonary blood flow and in rab- 
bits without vascular filtration, "p < o,Q5 from saflno-lnstilted rab- 
bits, *p < 0.05 from ackj-lnstilted rabbits. Data are mean 2 SD. 
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ffeure £ Lung endothelial permeability to protein measured as 
the accumulation of the vascular protein tracer, ^f-albumin, in 
the eMravascutar space of the fung and expressed as extravascular 
plasm? equivalents in rabbits with normal vascular filtration and In 
rabbits Without vascular filtration, *p < 0.0$ from saKne-lnstiited 

rabbits, *p <: 0.05 from add-instilled rabbits. 



candy Increased In rabbits instilled with HCI compared with 
control rabbits Instilled with saline alone (Figure 5A). 

Anti-IL-8 pnstreatment Anti-IL-8 prefxeatment signifi- 
cantly decreased bidirectional protein flux-induced add aspi- 
ration* Frefrearment with the IL-8 antibody significantly de- 
creased the penneabUlty of the alveolar epithelial barrier to 
the alveolar tracer, ^-albumin, in add-instilled rabbits (Ta~ 

blel) . ThCro was also a significant decnias* hi the protein flux 
(vascular protein tracer, ^L*lbumin) from the plasma into 
the airspaces In the anti-XL^pretreaxed adcHrotflled rwbbito 
compared with arid-instilled rabbits (Table 1). 

Tne nnaMo-insttlled unlabeled alveolar protein concentra- 
tion in ac&<4ostiued rabbits that were pretreated with the anti- 
IL-8 antibody was significantly higher than in rabbits instilled 
with the add akme (Figure 3A)« Alveolar liquid clearance 
measured by the concentration of unlabeled protein was also 
significantly higher in the attti-lL~£-pretreated add-insblled 
rabbits compared with arid-instilled rabbits (Figure 4A). Simi- 
larly, there was a significant increase in the nnal-to-insTlDed la- 
beled alveolar protein tracer concentration ratio (^J-albumln 
ratio) in antt-IL-8-pretreaied add-lnstiQed rabbits compared 
with arid^losdUed rabbits (1.46 ± 040 versus 126 ± 040. p < 
0.05). There was no dilution of the radiolabeled albumin in 
these studies in the alveolar sample taken 5 mln after Instilla- 
tion of the alveolar test solution. Thus, pretreatmaat with IL-8 
antibody completely prevented a doorcase in alveolar bojnd 
clearance In add-instffled rabbits (46 ± 4% HO -f antUL* 
versus 28 T 2% HQ p < 0.05), 

Finally, pretreatment with IL-8 antibody significantly re- 
duced the accumulation of extravascular plasma equivalents 
in add-iDsbHed rabbits (Figure 5A). 

StMdies without Pulmonary Blood Flow 
Effects of acf d Instillation on alveolar epithelial penne&bUlry to 
protein. Despite the absence or pulmonary blood How to the 
right lung, there was a small but significant increase In the per- 
meability of the alveolar protein tracer, ls I-aIbumiA. across 
the lung epithelial barrier Into the plasma In acid-instilled rab- 
bits compared with saline-instilled rabbits {Table 1), perhaps 
related to the removal of l2S I-aJbunHn by lung lymphatics and 
the branchial drculatlon. However, there was no change In the 
alveoiar-to-plasma rotfo of the vascular protein tracer, " J I-*Ibu- 
rnia between the experimental groups (Table 1). 

Effects of son 4 instillation on 8uld transport acmss the &Iv& 

olar barrier. Eliminating pulmonary blood flow had no effect 

on the acid-Induced reduction in alveolar liquid clearance, as 
shown in Figures 3B and 4B, 



In the absence of pulmonary blood flow, the effects of acid 
and anti-IL-8 on the alveolar epithelium could be assessed di- 
rectly. There was a similar significant increase in the flnai-to- 
instilled unlabeled alveolar protein concentration ratio In the 
an CHL-B-pretreated arid-instilled rabbits as in the rabbits 
with intact pulmonary blood flow (Figure 3B). Thus, alveolar 
liquid clearance as mnasured by the concentration of unla- 
beled protein was significantly increased In anii-IL-8-pre- 
treated acid-instilled pretreated rabbits compared with un- 
treated add-lnstffled rabbits (Figure 4B). The foal-toHtotuled 
labeled alveolar protein tracer concentration ratio (^I-aibu- 
min ratio) in the anJd-lL-8-pretreated arid^nstOted rabbits was 
significantly higher compared with acid-instuled rabbits that 
were not pretreated with anti-IL-8 (1.4$ ± 1.00 vera? L2S ± 
0,30, p < 0.05). There was no dilution of the instilled radiola- 
beled tracer protein in any of the experiments without blood 
flow. Alveolar liquid clearance as measured by the increase of 
labeled alveolar protein tracer* albumin, was normal in 
(he anU-Il^pretreated add-instilled rabbits compared with 
add-lnsrJlled rabbits that were not pretreated with anti-IL-8 
(47 ± J% versus 33 ± 2%, p < 0.05), 

Effects of acid instillation oa hny> vascular barrier function. 
As expected, because of die absence of pulmonary blood flow, 
total extravascular plasma equivalents in the lung tn rabbfts in- 
stilled with hydrochloric arid were not significantly different 
from those measured in rabbits instilled with safine alone (Fig- 
ure 5B). As observed in rabbits with normal pulmonary blood 
flow, pretreatment with the 1L-8 antibody significantly reduced 
tlie permeabHiiy to the alveolar protein tracer, ^-albumin, hi 
add-instilled rabbits ooanpared with add^nsolled rabbits that 
were not pretreated with IL3 antibody, There was a significant 
decrease in the ^-albumin concentration in the plasma in the 
and -IL-8-pre treated add instilled rabbits compared with add- 
instilled rabbits that were hot pretreated with anti-IL-8 (Table 1). 

DISCUSSION 

The overall objective of these studies was to investigate the 
function of the alveolar epithelial banter after add-lndoced 
lung injury and whether damage could be prevented by cyto- 
kine blockade. Because add aspiration lung injury is a major 
cause of acute lung injury in Humans, several experimental (6- 
9, 11, 12) and clinical (1, 2. 24-26) studies have been carried 
out to determine the mechanisms Ural mediate the acute lung 

injury. However, most of these studies have not addressed the 

effect of acid aspiration on the function of the alveolar epithe- 
lium. In contrast to our prior studies of add instillation lung 
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injury which focused on lung endoffcslial injury (f f B), this 
study was designed q*Bdflcaily ta measure alveolar epithelial 
bffltier Junction and fluid transport capacity after add-lnduced 
lung injury. 

Previous studies from our laboratory imported that add as- 
piration with a pH of S.5 causes severe lung endothelial injury 
WiCh die development of pulmonary edatoa (7, 8). Add asp Ira- 
don-induced flung injury is mediated primarily by activated 
neutrophib recruited to «he Jung by proximal odd-induced cy- 
tokines (4. 7-8. II, 27)* Add aspiration results in a high con- 
cent*attonotfXL-8 aytfS Barge slumbers of rautrophils in the air- 
spaces (7). IL-8 is tins major dzsmctacGc cytokine that recruits 
neutrophils to the injured tog (2$. 27): Anti-XL 8. applied as 
either pretreatmsiifc or teaaumena. decreased the magnitude of 
acute lung injury as measured by mraroved oxyg<aid2ion. Bower 
©xtravascular Sung water, end a reduction in transvaseulsur pro- 
tein permeability (7). However, tfas specific efffecfc of aml-IL-fi 
therapy an the function of the alveolar epltbetium after add 
instillation, either in terms of protein jtomeabliity or the alve- 
olar fluid transport capajrity, was not taown. Therefore, these 
experiments wotb dasggoed to evaluate the hypothesis that 
anti-lL-8 therapy would reduce areolar epithelial ndusy. 

Studies of the alveolar epithelium are potentially compli- 
cated by effects on the pufeoonary endothelium. In our prior 
studies of alveolar ffrrid clearance in due presence of either cn- 
dotoxemla or bacteremia, a moderate increase in lung endo- 
thelial pera*£ability vo protein did not diminish fche fluid cransu 
port capacity of tiha aSveo&r epithelium (*fl). However, if the 
lung endothelial injury fis severe, then a large teansvascular fil- 
tration can preweng sny net alveolar fluid clearance, as we 
found in the early phase of severe oleic acid-induced lung in- 
Jury in sheep (15). Therefore, in eh®s$ rabbit studies, we car- 
ried cnitespisimenss in which pulmonary blood flowwes elta* 
inated to avoM the potaneSag confounding effects of increased 
hmg vascular fiUtoation on alveolar epithelial fluid transport 
Interesting^, the studies without vascular nitration indicated 
that add-induced Uiftg injury still resulted in a decreased 
transport capacity off the alveolar epithelium to approximately 
50% of normal levels (Figures SA and 5B). 

The method fear measuring &&vot%t fluid clearance 2n the 
presence of injury has been validated in our odor studies (22, 
23), We calculated tfca dilution of the IM I-albumin in r*™ pire 
obtoired 5 mm after the k^gmmiig of the rastift&tiatt (B£96 of 
instilled). We also adjusted for Slue 10,7% loss of the alveolar 
tracer over 2 h into the ptoa. With ehese two adjustments, 
alveolar liquid dearanos xms calculated* The results seem fin- 
ternally conaiscen£ because calculation of alveolar liquid dear- 
ance based on. tiie Esty 03 * 0 ^ ^I-albunrin in tthe acid-Injured 
lungs was similar go she calculation of alveolar liquid dearance 
with unlabeled protein- Why was there a good agreement be- 
tween the two methods? Wish the unlabeled protein method, 
the instilled protein concentration (5% albumin) was proba- 
bly similar to the protein concentration of the od&ma fluid al- 
ready present in the airspaces. Secondly, although appruxi- 
ibately 10 to 11% of the unlabeled protein was probably tost 
nrom the airspaces (as was th© case For the ^-albumin), it Is 
Jl&efy that an approximately equivalent quantity of unlabeled 
plasma protein exuded into the afespaces. There es evidence 
that some or the Vascular tracer. ^'I-albumln, accumulated in 
the airspaces (Table 1). Thus, tfoa concentration of the unla- 
beled total protein ovojr 2 h was propffirtBonal to tifee concen- 
tration Of the ^-albumin over 2 h when the ^I-aibumto was 
adj usteU for the initial dimtfon of alveolar edema fluid and th e 
10.7% loss into plasm over 2 k As additional support for the 
validity of these calculations of alveolar liquid dearance, alve- 
olar liquid dearance was similar in both the untreated acid- 



injured rabbitts and the anti- IL-8-pretreated rabbits in the 
presence or absence of pulmonary blood flow and vascular fil- 
tration (Figure 4). 

It is remarkable that alveolar epithelial fluid transport ca- 
pacity continued at approximately 50% of normal levels after 
a low pH acid-induced lung injury. This result confirms that 
despite signified mjury to the epithelial banter, some Eevel 
of alveolar epithelial fluid transport persists. Most patients 
with clinical acute lung Injury who develop severe alveolar 
edema must reach a steady state in which fluid formation ap- 
proximately hflltonras fluid dearance. If thUs were not the case, 
the lung vtauld he overwhelmed with alveolar edema fluid. In 
other words, alveolar flooding markedly impairs gas ex- 
change, but the preaea-w&cicm of a reduoad level of alveolar 
fluid transport coupled with lung lymphatic clearance proba- 
bly allows (he injured lung to reach a steady state hi lung fluid 
balance, albeit in the presence of significant alveolar and in* 
terstitial pulmonary edema. 

Several previous studies have demonstrated that add aspi- 
ration-Induced lung injury is mediated in part by neutrophils 
(1 7-9. 11. 27). In our prior study of arid-induced lung injury, 
the number of neutrophils in the airspaces was reduced by 
50% at G h and by $0% at 21 h after the injury when anti-U^ 
was given either as preireatment or as treatment (7). It is 
likely therefore tfoat the protective effect of anti-IL-8 therapy 
on the alveolar epithelium was related to the Inhibitory effect 
on neutrophil migration Into thta airspaces of the lung, 

Thens are some limitations to this study. First, we did not 
carry out both trofitment and pretreatmen? studies, unlike our 
prior anti-IL-8 study in rabbits with acid-induced fang mjury 
(7), However, our prior study demonstrated that the same 
aniML-8 monoclonal antibody that was used in this sfiudy was 
efficacious when administered 1 h after acid Instillation in pre- 
venting 80% of ths acid-induced lung Injury; also the efiecx in 
that study was sustained for 24 h (7). The purpose of the cur- 
rent study was focused cm the alveolar epithelium Hirst to de- 
termine the magnitude of Junctional injury from low pH add 
to the epithaUal barrier properties and epithelial fluid bans- 
porting capacity, and second to determine if the finjury was 
mediated by IL-8-depmdent mechanisms. Bscsuse the anti- 
JTL~£ preereaement prevented most of the epithelial iajuay, the 
evidence seems cSear that EL-8, probably by ne utropftiMepen- 

dent mechanisms, plays an important rolea on mediating ggcH* 

Induced epithelial injury, Unlike some of our prior studies, we 
did not carry out histologic studies because we Chough* the 
physiologic studies would be better able to qusaxtify the mag- 
nitude of epithelial injury. These studies wens 8 h in duration, 
and therefore we cannot comment on the kmg-£erm effects Of 
acid injury cm the alveolar epithelial barrier. One might ques» 
tion the use of rabbits because, in contrast to the human lung 
(28), rabbits do not upregulate alveolar fluid clearance so re- 
sponse to adrenergic stimulation (2$). Therefore. £he direct 
relevance to the acid-injured human lung fis uncertain. On the 
other hand, basal alveolar fluid clearance in rabbits is rapid, 
similar to intact alveolar fluid clearance based on in vivo stud- 
ies of the resolution of alveolar edema in patients (19). Also, 
because rabbits do not respond to (Adrenergic agonists with 
an Increase in alveolar fluid clearance, our measurements of 
alveolar fluid clearance under control or after acid-induced m_ 
Jury did not need to consider endogenous release of Qpineph- 
riiic. an important mechanism following septic or short-term 
hypovolemic shock in rats (30, 31)- Finally, we did not treat 
the rabbits with a sham antibody, but this control seemed un- 
necessary, particularly since these controls were included in 
our prior add instillation studies with this anti^TL-S antibody 
in rabbits (7), 
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In summary, ifte rssuto of this fiHpfiiimenfcal study inrabtals 
Indicate tat alveolar epithelial fluid transport is reduced 4-6 h 
filter add-lnduced lung injury by ^prnjdraately 50%, Meutral- 
fiza&on of ILr8 before acid intftfbtfon prevents aSveoterepitiie- 
ISal injury, as measured by both alveolar epithelial panneabllJry 
to pratein and alveolar epithelial fluid transport capacity 
These results provide further support for th$ possible clinks! 
value of anrJ-i]U8 therapy from aspiration of low pH gastric 
contents, as w&s suggested by our prior rabbit study (7). 

Atfa&s&tfgittmt: Tha eaaftore roisfr to thank Oscar Osefto for valuable 
h£<p vstfth tha surgical pffiparaajona of tfra □nlrr^sndJeanemE^ufof hor 
ttslpbi prep^ti^ of tfra mens^sdpt. The aififtora a&so tft&tfc Cdfollns Hu- 
bert and Gartsntecft far proaJrfft^ she anti-tl-8 mcmcctonal antibody 
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